The Federal Food, Drug, and Cosmetic Act of 1938 defines as adulterated any food that is composed in whole or in part of a filthy or decomposed substance. Objective laboratory and field tests for detection of decomposed products are always advisable to supplement organoleptic examinations. In any product where organoleptic tests fail because decomposition is masked by any means, objective tests are an essential part of the enforcement program.
Spoilage of shell eggs by pseudomonads usually cannot be detected by white-light candling devices except when the eggs are in the latter stages of decomposition. Most of these organisms, however, produce in the albumen a pigment that is fluorescent in black light. The term "pyoverdine" is recalled from the work of Turfreijer (1941) as the first definitive name for this pigment. A candling device employing black light was developed in the California egg industry and was first described by Lorenz (1950) as an effective tool in the detection of pyoverdine in eggs spoiled by pseudomonads. Black-light candlers were shown by Elliott (1954) to detect both incipient and obvious spoilage by pseudomonads. An automatic candler for detection of fluorescent eggs has been developed by Norris (1955) . This candler was shown by Mercuri et al. (1957) to be effective in keeping eggs with a high bacterial count out of liquid egg packs. Trussell (1955) found that fluorescent eggs usually contained other organisms as well as the pseudomonads causing fluorescence. However, Florian and Trussell (1957) reported that pseudomonads predominated among isolates from infected eggs from four sources.
The normal egg yolk contains products that are fluorescent under black light. These materials do not interfere with the shell-egg candling technique; but when they are mixed intimately with the albumen, as in the case of whole egg pulp, they mask the presence of pyoverdine completely. A means of detecting fluorescent eggs in frozen whole egg pulp therefore would be of value.
Canadian workers have developed a "fluorescence value" applied to extracts of dried egg (Pearce and Thistle, 1942) and of liquid and frozen egg (Reid, 1946) . Whereas fluorescence value measures general quality, it is not sufficiently specific to be used for detection of pyoverdine. In fact, Brooks (1954) and Brooks and Hale (1954) found the fluorescence value of musty eggs infected with pseudomonads to be the same as that of normal eggs. They found, however, that the addition of a measured amount of sodium hydrosulfite to the egg extract resulted in a roughly measurable increase of fluorescence in the case of the musty eggs. This increase did not occur with the normal eggs.
Chemical and physical characteristics of pyoverdine which might be of use in separating it from and determining it in frozen whole egg have been described in a preceding report (Elliott, 1958) . The present paper is concerned with description of a method of analysis based on this information, and with limited experience in its use. METHOD Weigh 50 (i0.1) g of the thawed egg into a 250 ml beaker. Add about 90 ml redistilled 95 per cent ethyl alcohol with stirring to break up the egg meat. Using alcohol, transfer to a wide-mouth 200 ml volumetric flask. Mix thoroughly when slightly short of volume, then bring to volume. Pour into a dry 250 ml centrifuge bottle. Centrifuge about 15 min at about 1000 rpm. Pipette exactly 100 ml of the supernatant liquid into a 250 ml separatory funnel. Add about 125 ml chloroform. Shake by hand about 100 strokes. Allow emulsion to break and the aqueous layer to separate by letting it stand in the dark at least 6 hr, but no more than 24 hr; or place the funnels in a centrifuge to break the emulsion. Draw off and discard the bottom layer. Again add about 100 ml chloroform and repeat. Using water, wash the aqueous layer (including the emulsified interface, if any) into a 50 ml volumetric flask into which has previously been pipetted exactly 10 ml of a pH 1 buffer concentrate.' Bring to volume with water. If the solution is cloudy, centrifuge it briefly and pour off the supernatant liquid for the test. Each ml is the extract from 0.5 g egg meat.
As standard, prepare stock solutions of riboflavin according to the official method (AOAC, 1955) and store them in the dark in the refrigerator under toluene. Each week make up a fresh standard from the riboflavin stock solution II by pipetting 5 ml to a 100 ml volumetric flask. Add 50 ml 0.1 M potassium acid phthallate and dilute to volume with water. Store cold in the dark. This standard contains 50 jug riboflavin per 100 ml in a pH 4 buffered solution.
Measure the fluorescence of the test solutions and the standard in a photofluorometer model 12B2 using, as primary filter, the B1 (Corning 58743) filter and, as secondary filter, the PC2 (Corning 34863) filter. Calculate the concentration of pyoverdine in the egg as follows, expressing the concentration in terms of ,ug of riboflavin per 100 g of egg:
(2) (C) (R) = jug/100 g where the factor of 2 is derived from the concentration of egg in the final extract, C = concentration of ribo-2 Coleman Instruments, Inc., Maywood, Illinois. 3 Corning Glass Works, Corning, New York.
FLUORESCENT EGG EXTRACT flavin standard in ,ug/100 ml, R = reading on unknown, and S = reading on standard riboflavin solution.
NOTES ON THE METHOD
Precautions. Solutions containing pyoverdine should be protected from daylight, although incandescent or fluorescent lamps not emitting ultraviolet light may be used. Extracts should be kept in the dark if stored overnight.
Reagents and extracts should contact only clean glass to prevent fluorescent and fluorescence-quenching materials from entering the system. For example, rubber may introduce fluorescence, and dissolved metals may cause quenching. Only reagent grade chemicals should be used, although USP alcohol is satisfactory if redistilled in glass. It is well to run some known good egg in parallel as a control.
Chloroform. Precipitation of the egg with alcohol leaves a clear yellow solution containing the pyoverdine, but also containing fats and other interfering substances from the egg. Chloroform removes both the fatty constituents and the alcohol. The aqueous layer separating NORMAL EGG EXTRACT after standing or centrifuging is the water drawn from the egg by the alcohol, and contains the pyoverdine. Adjustment to pH 1. Adjustment to pH 1 accomplishes three purposes: (1) It quenches the residual fluorescence of an interfering substance present in extracts of both normal and fluorescent egg. (See figure 2 in Elliott, 1958 , and figure 1 in this paper). That this substance is riboflavin was shown by analysis by the official method (AOAC, 1955) . (2) It reactivates the fluorescence of pyoverdine that has been quenched by storage in frozen egg. Figure 1 shows the fluorescence emission of the unadjusted extract of fluorescent egg to be about equal to that of the riboflavin in the normal egg. (3) It removes the absorption spectrum from the fluorescence emission spectrum so that separation of these wave bands by photofluorometer filters is readily accomplished. Adjustment to pH 12 would not have been as satisfactory in this regard. Also, it was determined that the fluorescence of pyoverdine is less sensitive to slight departures from pH 1 than from pH 12 Reference standard. The failure to obtain pyoverdine in pure form made it impossible to use it as a standard. Fortunately, the fluorescence emission peak of riboflavin falls at the same position as that of pyoverdine at pH 1 (figure 2 in Elliott, 1958) . A variation of pH values from neutrality to as low as 2.4 was found to change the height of the riboflavin peak but not its position. Riboflavin is known to be more stable in acid solution than in neutral or alkaline solution, and Kuhn and Moruzzi (1934) showed the fluorescence of riboflavin to be insensitive to slight pH changes in the vicinity of pH 4. Therefore a riboflavin solution buffered at pH 4 was chosen and was found to be an excellent standard in pyoverdine determinations.
EVALUATION OF THE METHOD Recoveries of added pyoverdine. To determine the efficiency of the above method, several recovery experiments were undertaken. Crude pyoverdine was prepared by adsorption on and elution from carbon, as described in the preceding paper. It was dissolved in water, then aliquots were measured to 50 g portions of normal whole egg, and mixed. Elliott, 1958) . Thus these data show that if pyoverdine is present in quantity in frozen or liquid eggs, it must have been formed in the shell eggs before they were broken.
In a second pack, the apparent increase in pyoverditne recovery in the 60 and 100 per cent levels of series C and D, A third pack was designed to evaluate the method on dried egg. An authentic mixture of fluorescent and normal egg material was sampled for analysis, then was flake-dried at 47 C. On being reconstituted, analysis showed there had been a 10 per cent loss of pyoverdine from drying.
Pyoverdine content of miscellaneous rots. The above packs included only fluorescent eggs appearing normal with the white-light candler. A brief study was therefore undertaken to determine the amount of pyoverdine in individual rots of various kinds obtained from three commercial candling houses.
Among the eggs received, 69 were normal under white-light candling but fluorescent under ultraviolet candling. These were designated lot 1. The remaining 82, abnormal with white-light candling, were not sorted with the ultraviolet candler. These were designated lot 2.
The eggs of lot 2 were broken into tared beakers and frozen for later analysis. Table 4 and figure 2 furnish a summary of the data obtained. Pseudomonads were responsible, at least in part, for the decomposition of most of these eggs, for pyoverdine was found in 61 of the 82 rots examined. The pyoverdine content of some rots was several fold higher than that found in fluores-PASSABLE ODOR 0  8  8  6  30  35  37  38  60  71  72  88  100  112  124  130 Effect of frozen storage on recovery of pyoverdine in mixtures of fluorescent and normal whole egg meats. Eggs appearing abnormal with the white-light candler, and eggs with very bad odor were excluded from the pack. Table 5 .
Thus when fluorescent eggs are stored, most of them develop reject odors and abnormal appearance by white-light candling. Had the eggs been soft-cooked, many of those with passable odor would have become reject (Elliott, 1954) .
DIscUSSION
The increased recoveries of pyoverdine after storage in frozen egg may appear to limit the value of the method. However, this phenomenon was evident only in the higher levels of spoiled eggs. Samples containing large amounts of pyoverdine would be grossly contaminated with fluorescent eggs and contain large numbers of bacteria.
The limited data on miscellaneous rots described in the preceding section show that spoilage indicated by fluorescence may often be the precursor for more advanced decomposition in the shell eggs of commerce, and that pyoverdine increases as this decomposition becomes advanced to the point where it is recognizable with the white-light candler. This would be a logical conclusion to the findings of Florian and Trussell (1957) that the Pseudomonas genus had greater ability than any other to penetrate the shell egg, but that other organisms usually followed the primary invader.
The high blank of the method makes detection of less than 5 per cent fluorescent eggs in a pack difficult. However, even 3 per cent fluorescent eggs will introduce sufficient bacteria to bring the direct count above the figure of 5 million per g that has been determined by Lepper et al. (1956) to indicate the presence of decomposed eggs.
The high blank is assumed to be caused by a small residual fluorescence of the naturally occurring riboflavin. Perhaps with more research, one could alter the method to lower the normal blank. The problem would be to separate riboflavin from pyoverdine, perhaps in the final aqueous extract.
Further experimental packs and collaborative studies are being undertaken. SUMMARY A method of analysis for pyoverdine in frozen whole egg is outlined. The method recovered 72 to 109 per cent of added pyoverdine, depending on its level in the egg. A riboflavin solution buffered at pH 4 was chosen as a standard because pyoverdine could not be obtained in pure form. Authentic packs of mixtures of fluorescent and normal whole egg were prepared and analyzed. Pyoverdine and bacteria count were sensitive indicators for the presence of fluorescent eggs, but formic, acetic, lactic, and succinic acids were not. Pseudomonads form pyoverdine readily in shell egg spoilage, but much less so in liquid egg spoilage. Flakedrying destroyed 10 per cent of the pyoverdine. Pyoverdine was present in 61 of 82 shell eggs detected as rots by white-light candling.
